Abstract. Nonlinear electron whistler mode wave particle interactions in the near earth magnetosphere suggest several candidate mechanisms for phase space diffusion of electrons into the loss cone to provide a source of auroral precipitating electrons. A unidirectional whistler mode wave propagating parallel to the background magnetic field and interacting with an electron can be shown to produce resonance (trapping of electrons) but the process is not stochastic. Chaos can be introduced by resonance between electrons that mirror many times in the earth's field, and a whistler wavefield. Here, we show that an electron interacting with two oppositely directed, parallel propagating whistler mode waves exhibits stochastic behaviour in addition to resonance. The background field is uniform, so that stochasticity arises solely due to the presence of the wavefield without requiring bounce motion of electrons between mirror points. Stochasticity first appears for wave amplitudes not inconsistent with observations at disturbed times in the near earth magnetosphere and therefore may contribute to pitch angle diffusion.
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suggest that reflected bidirectional and for much of their ray paths, parallel propagating whistler waves are present in the near earth magnetosphere. The electron interaction with an omnidirectional parallel propagating wave is not chaotic, and we shall see, for bidirectional waves this is still the case sufficiently close to resonance. Away from resonance we find that in the presence of oppositely directed parallel propagating waves, much of phase space becomes dominated by stochastic orbits which act to enhance pitch angle diffusion. onant points coupling will be weak and the motion is near integrable. As we move away from resonance the system now has two degrees of freedom •b, 7(t). This gives the possibility for chaos and enhanced diffusion in phase space, and we will examine this numerically in the next section. 2) . Several runs with different wave amplitudes, particle energies and wave frequencies have been performed to investigate the level of stochasticity in the particle dynamics. Unnormalized, the selected parameters correspond to in the near earth magnetosphere; the range of wave frequencies covers the region below the typical gyrofrequency of 2 kHz at L-6 (Parrot et al, 1994), the plasma frequency at L-6 is around 8 kHz. Electron energies investigated are in the range 4-100 keV. We find that the particle dynamics is sensitive in the variation of the wave amplitude as well as the particle energy.
Theoretical approach

Numerical Results
The regular and stochastic behaviour of the electron motion is investigated via effective
The change in the dynamics of electrons of a given energy as we increase the wave amplitude is illustrated in figures 2-4 This behaviour is qualitatively the same for different electron energies in that there will be a threshold value for Bw/Bo when stochasticity appears; however the value of this threshold is energy dependent. These are not the same) will increase the complexity of the detailed dynamics; this is beyond the scope of this initial study and will be adressed in future. Finally, Figure 6 shows that the particle energy oscillates with time so that the net energy change is zero. Hence, this Wave Particle Interaction mechanism will lead to pure pitch angle diffusion rather than particle energization. 
Conclusions
It has been shown that coupling between two oppositely propagating whistler mode waves of the same amplitude and wavenumber can lead to stochastic electron dynamics. Specifically, it is shown that chaotic phenomena occur due to the presence of the second wave. For sufficiently small wave amplitudes, however, the deviations from the single whistler mode wave electron interactions is not significant and the motion of the particle in phase space can be considered as identical to that of a simple pendulum. As the amplitude increases the effects of the other wave on the particle by means of the Lorentz force become important, the integrals of motion are not conserved and regular dynamics can be maintained only in the vicinity of resonances; the KAM surfaces break up successively. It is also found that the value of the wave phase does not change the electron dynamics in a qualitative manner. Chaotic dynamics of electrons may allow significant pitch angle scattering into the loss cone (phase space diffusion) in the magnetosphere under certain circumstances. Results suggest that for example for 100 keV electrons, stochasticity is evident for wave amplitudes observed at L -6 during disturbed times.
The diffusion coefficient for the process discussed here will be calculated in a future paper. However, we anticipate that pitch angle diffusion will scale as the local gyrofrequency. This is to be compared with stochas-
